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SUMMARY
Phototrophic bacteria are the most conspicuous organisms occurring in lami-
nated microbial sediment ecosystems (microbial mats). In the Waddensea area
ecosystems consisting of a toplayer of the cyanobacterium Microcoleus
chthonoplastes overlying a red layer of the purple sulfur bacterium Thiocapsa
roseopersicina , commonly occur on sandy sediments which are located above
mean high water level (MHW).
The introduction (Chapter 1) gives an overview of the different laminated
sediment ecosystems tudied by various investigators. These ecosystems occuÍ
ubiquitously in intertidal marine, hypersaline and thermic environments.
Although variability with respect to species composition and structure is obvious,
the short spatial distance between oxygenic and anoxygenic phototrophic
organisms is a common featuÍe. Likely, populations of both groups interact to a
considerable extent. In sulfate-rich environments, sulfate-reducing bacteria are
actively producing sulfide thus providing an electron donor for the anoxygenic
phototrophs. In some thermal springs the sulfide is from geochemic origen.
However, the laminated ecosystems are not restricted to environments character-
ized by a high turnover of sulfur species (sulfureta). In thermal springs which are
poor in both sulfate and sulfide, filamentous anoxygenic phototrophic bacteria
proliferate in close association with cyanobacteria apparently due to interspecies
transfer of organic products.
Since the introduction of microprobes for oxygen, sulfide, pH and light the
environmental conditions in the ecosystems can be measured with high spatial
resolution. Steep environmental gradients are common for all laminated sediment
ecosystems. The environmental conditions are strongly determined by biotic
processes. Because of the preponderance of light-dependent photosynthesis,
oxygen and sulfide concentrations trongly fluctuate during the diel cycle.
A detailed description of the laminated microbial sediment ecosystems on the
island of Schiermonnikoog (The Netherlands) is provided in Chapter 3. In these
systems it was observed that the cyanobacterial toplayer remained present
throughout the year, but the distinct layer of purple sulfur bacteria especially
occurred in autumn. This seasonal pattern appeared to be related to the strong
seasonal variation of precipitation and the inundation frequency. During dry
periods oxygen penetÍated deeply into the sediment hus allowing the oxidation of
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In autumn it was observed that steep profiles of oxygen and sulfide occurred.
These profiles and their diel fluctuations were studied in situ and related to the
depth distribution of the phototrophic bacteria. This information is required for
meaningfull laboratory experiments which aim at studying the competitive
position of the phototrophic bacteria in nature. The phototrophic bacteria were
traced by their pigmenrs, being chlorophyll a and bacteriochlorophyll a for
cyanobacteria and purpre sulfur bacteria, respectively. In addition, for purple
sulfur bacteria the viable number and cell volume were studied. The latterparameter is indicative for the growth rate. The cyanobacteria which mainly
occurred in the top 2 mm were frequently exposed to oxygen supersaturation
during the day and to low or zero oxygen concentrations at night. Sometimes,
sulfide reached the layer of the cyanobacteria; the maximum concentration
observed was approximately 300 pM. From cell-size analyses it was apparent hat
environmental conditions advantageous for growth of purple sulfur bacteria occur
infrequently. The environmental conditions during such a period were taken as a
start-point for laboratory studies. It was observed rhat viable purple sulfur bacte-
ria occurred throughout the top 5 mm of the sediment. However, highest viable
number and fastest growth as indicated by large cell sizes occurred below the
cyanobacterial layer from 2 to 3 mm depth. The bacteria from this layer were
exposed l.o oxic conditions during part of the light period and to anoxic conditions
during the remaining of thc diel cycle. A subpopulation consisted of cells strongly
adhered to M. chthonoplastes bundles. probably, ttrese cells take profit of organic
excretion or lysis products.
Microcoleus chthonoplastes , which is the dominant cyanobacterium in the
ecosystem was the subject of the laboratory experiments described in chapter 4.
Attention focussed on the question how this species copes with sulfide. Sulfide is a
toxic substance for live, but the organisms greatly differ with respect to sensi_
tivity for this compound. From literature data it was known that this species is
able to perform anoxygenic photosynthesis using sulfide as erectron donor(Garlick et al., 1917). This type of photosynthesis, driven by photosystem I alone,
is similar to the photosynthesis performed by purple sulfur bacteria. In addition,
oxygenic photosynthesis in this species is not completely blocked in the presence
of sulfide (Cohen, 1984; Cohen et al., l9g6). Likely, both characteristics allow
the species to proliferate in environments where it is regularly confronted with
sulfide.
Aerobically precultivated M. chthonoprastes induced anoxygenic photo-
synthesis when exposed to sulfide, a three-hour lag-period was observed.
Thiosulfate was the only product of the anoxygenic photo-oxidation of sulfide
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mediated by M. chthonoplastes. This compound is soluble and can be used as an
electron donor by most purple sulfur bacteria including T. roseopersicina .
Growth experiments clearly demonstrated that even in the long term M.
chthonoplastes is able to cope with sulfide. The growth was not inhibited by 0.15
mM sulfide; the maximum growth rate observed was 0.031 h-l. However, at
higher sulfide concentrations growth was inhibited and did not occur at all if the
concentration exceeded I mM. It was demonstrated that growth of M .
chtlnnoplastes at sulfide concentrations exceeding 0.35 mM predominantly was
the result of sulfide oxidation. The contribution of photosystem II was low but of
paramount importance in anoxic environments, since no growth occurred if this
photosystem was selectively blocked in the presence of a metabolic inhibitor.
However, when photosystem II was blocked, growth occurred with sulfide as the
exclusive electron donor provided oxygen was supplied. This illustrates the nutri-
tional function of oxygen for M. chthonoplasres. The cyanobacteria M.
chthonoplastes and Oscillatoria limnetica have completely different strategies to
cope with sulfide. The latter species which tfuives in a continuously sulfide-rich
hypolimnion, shifts completely to anoxygenic photosynthesis upon confrontation
with sulfide. Conceivably, M. chthonoplastes is better adapted to the fluctuations
occurring in microbial mats. Photosystem II is of relevance for the supply of
oxygen required by this species and allows the organism to shift rapidly ro
oxygenic photosynthesis upon depletion of sulfide.
The purple sulfur bacterium Thiocapsa roseopersicina was the subject of
laboratory experiments described in Chapter 5. Attention focussed on the question
how this species copes with oxygen. Initially, purple sulfur bacteria were con-
sidered to be obligate anaerobes, but in the early seventies it was discovered that
T. roseopersicina is able to grow chemolithoautotrophically using oxygen as the
electron acceptor (Bogorov, 1914). Thus this species is able to gÍow under oxic
conditions.
It was observed that photopigments in T. roseopersicina (mainly bacte-
riochlorophyll a) are neither synthesized nor degraded under oxic conditions (50
ttM OZ). Pigmented cells when shifted to oxic conditions in the light continued to
photosynthesize at high rates. Prolonged cultivation under these conditions
resulted in progressive reduction of the specific content of bacteriochlorophyll a
(BChlO and the growth mode gradually shifted from full photolithotrophy to full
chemolithotrophy.
Alternation of oxic and anoxic conditions in continuous light resulted in
increased rates of photopigment synthesis in the anoxic periods, thus compensat-
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content was sufficiently high to enable continuous phototrophic growth.
In microbial mats generally lhe presence of oxygen is coincident with day
times, whereas anoxia occur during the night. Cultures of T. roseopersicina
subjected to simulations of such conditions were found to synthesize BChl4 during
the anoxic dark periods. The fixed carbon and the energy required, were supplied
by the degradation of intracellular glycogen. Again, sufficient BChla was synrhe-
sized to allow for phototrophic growth when light was present.
For Z. roseopersicina a novel type of anoxic dark catabolism was observed.
Glycogen degradation, most likely proceeding by glycolysis, resulted in the ex-
cretion of acetate and was coupled to ilre reduction of intracellular sulfur to sul-
fide. Both products were excreted. Probably, this catabolism has a rclatively high
energy yield.
It is evident that Z. roseopersicina is very well adapted to ttre diel fluctuations
of light, oxygen and sulfidc encountered in microbial mats. In this respcct, it is
obvious that the ability to synthesize bacteriochlorophyll a under anoxic dark pe-
riods and the ability to maintain photosynthesis under oxic conditions are more
important adaptations rather than its chemolithotrophic growth capacities.
Summarizing, it is apparent hat both spccies are vcry well adapted to the
environmental conditions occurring in microbial mats. The competition between
both species Íbr sulfide is discussed. Anoxygenic photo-oxidation of sulfide by M.
chthonoplasles has an extremely low affinity for sulfide. However, this species
continues to perform oxygcnic photosynthesis in the presence of sulfide. Thus
water is an additional electÍon donor and consequently, M. chthonoplastes cannot.
be outcompeted by purple sulfur bacteria. A negative effcct of M. chthonoplastes
on purple sulfur bacteria is largely compensated by the fact that this cyanobac-
terium oxidizes sulfidc to thiosulfate, a conlpound which can bc used by Z.
roseopersicina . More importantly, the specific growth rate of M. chthonoplastes
is reduced in lhe presence of sulfide concentrations exceeding 0.2 mM. Therefore,
the fact that sulfidc is consumed by T. roseopersicina excrts a positive action on
the growth of M. chthonoplastes Evidently, the interactions between both species
are nol mere competition. Oxygen produced by M. chthonoplastes inhibits
pigment synthesis inT. roseopersicina . However, this negative effcct is circum-
vented in diel cycles, since the latter is able to synthesize sufficient bacte-
riochlorophyll during the anoxic night periods. Obviously, the neutral and
positive interactions allow both species to coexist in laminated microbial sediment
ecosystems.
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